August 30, 2005

AMERICAN CHEMISTRY COUNCIL

Biocides Panel
Chromated Copper Arsenate Work Group

Comments to EPA SAB Arsenic Review Panel (September 12-13,
2005) Regarding Inorganic Arsenic Carcinogenicity

EPA has requested comments and advice from the Science Advisory Board (SAB) regarding
EPA’s recent hazard characterization for organic arsenic herbicides and on their revised hazard
and dose-response assessment/characterization of inorganic arsenic. The issues and questions
for the SAB to consider are outlined in EPA’s Charge to EPA Science Advisory Board Arsenic
Review Panel. EPA has also provided two other documents for SAB review that outline EPA’s
approach for revising the inorganic arsenic slope factor: Issue Paper: Inorganic Arsenic Cancer

Slope Factor and Toxicological Review of Ingested Inorganic Arsenic.

The American Chemistry Council Biocides Panel CCA Work Group provides additional
comments for EPA and the Science Advisory Board Arsenic Review Panel to consider in
evaluating EPA’s Charge regarding inorganic arsenic including comments that relate to the
broader issue of the best use of the state of the science in revising the inorganic arsenic cancer
slope factor. The specific comments present (1) epidemiological evidence from the United
States in addition to the recent drinking water studies discussed by the Toxicological Review
and by the meta-analysis of Dr. Pamela Mink; (2) implications of the proposed cancer slope
factor for background risks in the United States; (3) recent studies on the effect of nutritional
deficiency in increasing arsenic toxicity; and (4) evidence supporting elevated water intake rates

in the southwest Taiwanese population as compared to the United States.

Additional Epidemiological Evidence from the United States

The EPA draft Toxicological Review and draft Issue Paper discuss several United States

epidemiological studies that were published since the NRC (2001) review. These studies and a

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 1



August 30, 2005

few other recent epidemiological studies are also included in a meta-analysis of studies of low-
level exposure to arsenic in drinking water and risk of bladder cancer conducted by Dr. Pamela
Mink. Itis ACC’s understanding that the results of this meta-analysis will be submitted to the

SAB separately.

In addition to the studies included in the meta-analysis, a number of other studies also examined
the association between environmental arsenic exposure and cancer. These studies did not meet
the criteria for inclusion in the above meta-analysis but nevertheless provide additional
qualitative epidemiological evidence regarding low-level exposures in the U.S. These studies
include evaluations of populations exposed to arsenic in drinking water and of communities
exposed to arsenic in air, dust, and soil from living near arsenic-emitting industrial facilities. A
few other studies from smelter sites in Canada and Sweden were also reviewed. Evidence from
these additional studies (summarized in Attachment 1) is generally negative for associations

with arsenical cancers and consistent with the meta-analysis findings.

Additional drinking water studies that have examined cancer include populations from Oregon
(basal and squamous cell carcinoma; Morton et al. 1976), Nevada (childhood leukemia; Moore
et al. 2002), New Hampshire (basal and squamous cell carcinoma; Karagas et al. 2001), and
Wisconsin (lung, bladder, and non-melanoma skin cancers; Knobeloch 2002), and two studies
involving multiple states (34 cancers; Berg and Burbank 1972; malignant neoplasms, lung
cancer; Engel and Smith 1994). With the exception of Knobeloch (2002), these studies were
negative for cancer risks potentially associated with arsenic. Knobeloch (2002) reported
increased risks for non-melonoma skin cancer in the highest arsenic water exposure group who
were 65 years and older and were smokers. The highest water exposure group, however,
included a wide range in well water concentrations from 5 pg/L to more than 3,000 pg/L. Thus,
without specific information on exposures of cases within this group, the relevance of these

results for low-level exposures in the general population is unclear.

Most of the studies of communities near smelters (or in one case an arsenical pesticide plant)
evaluated associations with lung cancer. These studies have been generally negative for lung or
other cancers examined related to arsenic, with the exception of three studies that found

associations with lung cancer in men (Attachment 1). Populations near arsenic emitting
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industrial facilities would be expected to be at higher risk for lung cancer. In addition to the
association between oral arsenic exposure and lung cancer (e.g., Chen et al. 2004), increased
risk of lung cancer has been reported following very high dose inhalation exposures to arsenic
(e.g., time-weighted average air levels from 213 to 1,487 pug/m? for low to high exposure
groups) in historical smelter or chemical workers after years of exposure (ATSDR 2000).
Airborne emissions from these smelters also resulted in greatly elevated soil arsenic
concentrations (up to 1,000 ppm and above in some cases). Thus, communities residing near
smelters would be expected to be exposed by oral exposure to dust deposited on surfaces and
soil and via inhalation exposure, both routes that are associated with lung cancer. These
industrial facilities typically also had a long history of operation pre-dating air pollution controls
and would also have emitted other potential lung carcinogens or co-carcinogenic substances
(e.g., combustion by-products, polycyclic aromatic hydrocarbons, other carcinogenic metals,

sulfur dioxide).

The community near a former copper smelter (1912 to 1986) in Tacoma, Washington, is one of
the best-studied of such communities. Community residents were studied in numerous health
monitoring and epidemiological studies conducted by local and state health departments and the
University of Washington. Two epidemiological studies (Frost et al. 1987; WSDH and ATSDR
1994) examined lung cancer mortality and a third follow-up study (Tollestrup et al. 2003)
examined a number of types of cancer in people who lived near the Tacoma smelter when it was
operating, extending back to the early 1900s. These studies did not report an increase in lung or

other cancers related to arsenic exposure in this population.

Historical exposures to arsenic near the Tacoma smelter would have been considerably higher
than records of arsenic levels in the community taken after the advent of modern air pollution
control regulations and devices. Even in the late 1970s and early 1980s with air pollution
controls, air levels in the nearby community were on average 0.8 pg/m® with an occasional
elevation to 10 pg/m?® (Frost et al. 1987; Milham 1988). Elevated exposures were also apparent
in the residential population. Speciated urinary arsenic levels (sum of inorganic arsenic,
monomethylarsonic acid, dimethylarsinic acid resulting from absorption and metabolism of
inorganic arsenic) in children during the time of smelter shutdown and shortly afterward in the

early 1980s averaged 52 pg/L (Polissar et al. 1987) compared to about 7 pg/L for the remote
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population of the Anaconda smelter site measured long after that smelter had shut down (Hwang
et al. 1997).

In addition to health studies in Washington, studies have been conducted at other communities
near smelting and mining sites, the majority of which have focused on lung cancer (Lyon et al.
1977; Greaves et al. 1981; Rom et al. 1982; CDPHE 1995; Marsh et al. 1997, 1998), although

Wong et al. (1992) examined skin cancer. These studies likewise do not indicate an increase in

health risks associated with arsenic exposure.

Studies reporting an increased risk involved two smelters in Sweden (Pershagen et al. 1985),
Canada (Cordier et al. 1983), and an arsenical pesticide plant in Baltimore, Maryland
(Matanoski et al. 1981). These studies found increased risks of lung cancers only in men

(Perhagen et al. 1985 evaluated only men).

Thus, consistent with the results of the meta-analysis, these additional studies largely in U.S.
populations likewise indicate little evidence of increased cancer risk at low-level arsenic

exposures.

Implications for Background Arsenic Risks

As a naturally occurring element, arsenic is ubiquitous in soil, water, and food (ATSDR 2000).
If arsenic is assumed to have no lower threshold for cancer risk according to EPA assumptions,
any dose of arsenic is associated with some cancer risk. Because risk assessments currently
predict risks greater than one in a million even for background exposures to arsenic at the
current slope factor, the typical definition of de minimis risk is less useful for risk
communication. Risk communication for arsenic will become even more difficult if EPA
increases their arsenic cancer potency factor according to the recommendations in the cancer
work group issue paper based largely on the reanalysis by NRC (2001). As described below,
risk estimates associated with typically occurring background exposures will be much higher
than the 1 in 10,000 upper end of the “acceptable’ risk range identified by EPA.
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As an illustration of background diet and water risk, intake of inorganic arsenic in food and
water in the U.S. population were stochastically modeled based on Yost et al. (2004) including
inorganic arsenic in different foods (Schoof et al. 1999), regional water concentrations reported
by U.S. EPA (2001), and U.S. Department of Agriculture Continuing Survey of Food Intake by
Individuals (USDA CSFII; years 1994—1996 for the total population). The effect of truncating
the arsenic water concentration distribution was evaluated assuming the complete
implementation of the revised drinking water standard of 10 pg/L. Arsenic water concentration
levels above 10 pg/L were assigned lower arsenic water concentrations in proportion to their
occurrence in the dataset below 10 pg/L. Two estimated intakes were thus calculated for diet
and water combined, using the two different water concentration distributions. The lower
estimate reflects truncation of the water data at 10 pg/L, the revised standard for arsenic in
water. The results of this analysis indicate mean diet and water concentration intakes of 5.4 to
6.1 pg/day for the U.S. population. To calculate upper end estimates for certain segments of the
population, intakes were also calculated at the 90th percentile: 10.5 pg/day and 11.1 pg/day.
Intakes above the 90th percentile are typically assumed by the FDA to represent lifetime
exposure to substances in food for the upper end of the population who are more exposed than
the average consumer (U.S. FDA 1995). Lifetime risks were calculated using an assumed
lifetime average body weight of 70 kg, according to standard EPA assumptions. Risk estimates
rounded off to similar numbers for estimates based on the U.S. EPA (2001) water data and
based on the truncated water data.

As a comparison, risks associated with various arsenic concentrations in soil were calculated
according to standard EPA assumptions for Superfund risk assessments (U.S. EPA 1991) with a
typical default bioavailability of 80 percent gastrointestinal absorption for arsenic in soil. The
risk associated with consuming water at the new drinking water standard of 10 pg/L was also
calculated based on standard EPA Office of Water assumptions for lifetime exposure of 2 L/day
and 70 kg body weight.

Risks associated with mean dietary and water arsenic intake and consumption of water at the
new arsenic drinking water standard using the current slope factor of 1.5 per mg/kg/day are at or

slightly above EPA’s upper limit for acceptable risk of 1 in 10,000 (1x10%). Risks for arsenic

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 5



August 30, 2005

in soil approach this level at 50 ppm. With the revised slope factor of 5.7 per mg/kg-day
developed by EPA’s draft Toxicological Review document, dietary, water, and background soil
risks are all well above the 1 in 10,000 acceptable risk level (Table 1; risk calculations in

Attachment 2) and would signal the need for regulatory action.

Table 1. Risk estimates for background diet and water intakes, water at 10 ug/L and
different soil concentrations using the current and proposed cancer slope

factors
Cancer Risk for
90th

Percentile

Mean Diet Diet and
Slope Factor and Water Water Water at Soil at Soil at Soil at

(mg/kg/day)™ Intake Intake 10 pg/L 20 ppm 50 ppm 100 ppm

1.5 1x10™ 2x107* 4x10™ 4x107° 1x10™ 2x107*
5.7 5x107 9x10~* 2x107° 2x107* 4x107 8x10~*

Although this perspective might be considered more risk management than science, the results
indicate that overly conservative policy in the face of any uncertainty (even when evidence
indicates that actuality is more likely in the other direction) can have important consequences
for public perception of risk and setting regulatory and public health policies and priorities for

addressing health risks in the U.S.

Nutritional Deficiency

Nutritional deficiency in the southwest Taiwanese population is another factor that affects the
relevance of this population for the United States. NRC (2001) dismissed the importance of the
nutritionally impoverished conditions for the southwest Taiwanese population studied by
Morales et al. (2000), stating that that nutritional deficiency could not account for the observed
cancers. The question that should be considered, however, is the effect of nutritional
deficiencies on the dose-response relationship. Specifically, although elevated arsenic exposure
is known to be associated with increased cancer risk, nutritional deficiencies, particularly in

those exposed at higher doses (i.e., doses at which arsenical health effects and increased risk of
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cancer have been reported), might have increased the susceptibility of the southwest Taiwanese
population to the toxic effects of arsenic. Such a factor may increase the apparent dose-

response relationship for this population over a nutritionally sufficient population.

Since NRC (2001), several additional studies have been published on the importance of
nutritional deficiencies in various substances on potentiating arsenic toxicity and
carcinogenicity (Chen et al. 2001; Milton et al. 2004; Mitra et al. 2004; Spallholz et al. 2004;
Schoen et al. 2004) by interfering with arsenic methylation, defenses against oxidative stress, or
with DNA repair.

Various nutrients such as B-vitamins, methionine, and folate may play important roles in
enzymatic methylation of arsenic. Individuals in Taiwan with skin cancer had a lower

methylation capacity (less DMA formation) compared to healthy controls (Chen et al. 2001).

Chen et al. (2001) summarize studies reporting that undernourishment in southwest Taiwan, as
indicated by long-term ingestion of yams and low serum levels of carotene, increased the risk of
skin cancer and other diseases related to arsenic exposure. Chen et al. (2001) also note that
impoverished diets in this region were dominated by yams with few fresh fruits and vegetables
and a little fish as the only protein source. Overall, the diet was high in carbohydrates, low in
protein, and extremely low in fat including essential unsaturated fatty acids. Two amino acids
that appear to be deficient are methionine and tryptophan, which may play key roles in arsenic
biotransformation. Vitamin intake (e.g., beta carotene) was also marginal. A number of studies
in Taiwan have associated these nutritional factors along with lower socioeconomic status with

an increased risk of arsenic-related diseases.

Mitra et al. (2004) conducted a case-control study of the effect of nutrition on susceptibility to
arsenical health effects in a population in West Bengal, India, exposed to arsenic levels in
drinking water up to 500 pg/L. Low intake of animal protein, calcium, and fiber were
significantly related to increased risk of arsenical skin lesions. Folate was also close to

significance as a risk factor.
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Milton et al. (2004) examined the nutritional status among chronically arsenic-exposed and
unexposed populations in Bangladesh. Individuals (138) with arsenicosis from arsenic endemic
villages (mean well water arsenic of 641 ug/L) were matched by age and sex with 144
unexposed subjects randomly selected from villages with low arsenic in well water (mean of
13.5 pg/L). A crude prevalence ratio of 1.92 (95% CI = 1.33-2.78) was found for poor
nutritional status among the arsenicosis cases compared to the control population. This finding
indicates that poor nutritional status may increase risk of arsenic toxicity or that arsenic toxicity
may result in poor nutritional status. A better control population to examine the effects of poor
nutrition on risk of arsenical health effects would have been to match the cases with similarly

exposed subjects without arsenicosis.

Spallholtz et al. (2004) reviewed evidence from various studies both in vitro and in vivo in
humans and animals that indicates that selenium counteracts arsenic toxicity and selenium
deficiencies can increase arsenic toxicity. For example, glutathionine peroxidases and other
antioxidant proteins containing selenium help counteract oxidative stress produced by arsenic.
Oxidative stress is one of the main mechanisms by which arsenic is thought to produce toxicity
and carcinogenicity. Deficiencies in selenium as well as other micronutrients (e.g., zinc,
vitamin E) can thus lead to insufficient antioxidant activity and greater risk of arsenic-related
health effects. The complex of arsenic, selenium, and glutathione appears to be a route of
excretion for excess arsenic ingestion through hepato-biliary elimination and fecal excretion.
Miyazaki et al. (2005) likewise report that selenium-deficient pregnant mice show enhanced
accumulation of arsenic in maternal liver and fetal brain. Impaired biliary excretion of arsenic
may therefore result in increased liver accumulation and extra urinary excretion of arsenic and

thereby increased bladder cancer risk.

Spallholtz et al. (2004) also note that very low selenium in soil and likely in the food chain in
Bangladesh may have enhanced the toxicity of arsenic to populations exposed to elevated
arsenic in well water. Clinical trials of patients with arsenical disease in Inner Mongolia, China,
showed reduction in blood and hair arsenic levels and significant improvement of arsenical skin

lesions with selenium supplementation as compared to controls (Yang et al. 2002).
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Thus, additional studies since NRC (2001) continue to underscore the impact of deficiencies in
selenium and other antioxidant micronutrients in enhancing arsenic toxicity. Consequently,
nutritional deficiency is an important factor to consider in evaluating the relevance of
extrapolations of the dose-response assessment of the southwest Taiwanese data for U.S.

populations.

Water Intake Rates in Taiwan

NRC (2001) and EPA (2005) have concluded that water intake rate by the southwest Taiwanese
population can have a large effect on the calculated arsenic cancer slope factor for the U.S.
population. The Taiwanese population was impoverished and thus their fluid intake was likely
well water rather than purchased beverages. Water consumption in this population would also

be elevated over the U.S. population by the hot, humid, climate, and by employment as laborers.

The EPA 2005 draft Issue Paper summarizes various studies on drinking water intake rates and
concludes “the mean adult drinking water consumption rate for Asian populations is between 1
to 4.6 L/day.” However, studies that focus on populations in hot conditions indicate means of 3
to 3.7 L/day. The only indication of intakes of 1 L/day is the lower end of the range from an
informal interview of people in Taiwan reported in a 1961 paper or the mean for U.S.
populations. The studies summarized by the Issue Paper do not include a paper by EPA Office
of Water scientists and contractors that was presented at the 2004 Society of Toxicology annual
meeting. This paper was also provided as a handout at the meeting (Attachment 3). This paper
reports a seasonal average intake of 3.6 L/day for drinking water consumption under the
conditions of the population in southwest Taiwan. Thus, the available evidence does not

support a mean drinking water consumption rate for this population as low as 1 L/day.

In addition to drinking water, this population consumed a diet of dried yams and rice, which had
to be rehydrated and cooked in well water. In developing the reference dose for arsenic
available in EPA’s Integrated Risk Information System (IRIS) database, EPA estimated the
amount of water used in rehydration and cooking to be an additional 1 L/day

(http://www.epa.gov/iris/subst/0278.htm). The same assumption was made by U.S. EPA
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(2001). In developing the RfD, EPA assumed a total water ingestion rate of 4.5 L/day from
direct consumption as well as indirect consumption through the diet. EPA also assumed a

2 ug/day contribution from arsenic in food, which has subsequently been shown by actual
measurements of inorganic arsenic in yams and rice in Taiwan to be 50 pg/day (Schoof et al.
1998). The IRIS record cites an EPA memorandum by Abernathy et al. (1989). This
memorandum documents the water intake and dietary intake assumptions used in the reference

dose calculation and is attached (Attachment 4).

Both NRC (2001) and the EPA 2005 draft Issue Paper note that the assumption of an additional
1 L/day of water from dietary use by EPA (2001) is undocumented and neither mentions the
EPA IRIS record or Abernathy et al. (1989). However, EPA concluded in their Issue Paper that
this amount was justified by the literature. EPA’s current slope factor calculations in the draft
Toxicological Review, however, do not appear to include this additional water intake and the

Charge neglects to ask the SAB about additional water used in rehydrating and cooking food.

Thus, the scientific evidence supports a total water intake by the Taiwanese population used in

the slope factor calculation of 4.5 L/day and above.

Conclusions

Considerable evidence from the United States supports a lower risk of arsenical cancers at low
doses than projected based on extrapolations from the data in the southwest Taiwanese
population. In addition to recent studies conducted in populations exposed to arsenic in
drinking water, other studies of populations exposed to arsenic in drinking water or to arsenic in
air, dust, and soil near arsenic emitting industrial facilities overall show little indication of

elevated arsenical cancer risk for the general U.S. population.

Nevertheless, background risks associated with inorganic arsenic in the food, water, and soil
will exceed acceptable risk levels using the proposed cancer slope factor based on modeling
from the southwest Taiwanese data. The accuracy of the risk characterization for arsenic
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therefore has important consequences for public perception of risk and setting regulatory and
public health priorities for addressing health risks in the United States.

Areas of uncertainty in risk characterization using the Taiwanese data include the impact of
nutritional deficiencies of this population on arsenic toxicity and higher water intake on arsenic
dose as compared to the United States. Considerable recent evidence reinforces earlier findings
that the southwest Taiwanese diet was deficient in several micronutrients that are important for
reducing arsenic toxicity and potential carcinogenicity. Likewise, the weight of evidence from
evaluations to date is sufficient to conclude that the drinking water intake rate (including water
used for rehydrating and cooking food) of the southwest Taiwanese population was likely

4.5 L/day and possibly greater. This evidence should be taken into account in any
considerations of the southwest Taiwanese data for estimating cancer risks in the United States.
These uncertainties and others indicate that greater weight should be placed on studies from the

United States and other nutritionally sufficient populations.

References

ATSDR. 2000. Toxicological profile for arsenic (update) 2000. U.S. Department of Health
and Human Services, Agency for Toxic Substances and Disease Registry.

Berg, J.W., and F. Burbank. 1972. Correlations between carcinogenic trace metals in water
supplies and cancer mortality. Ann. N.Y. Acad. Sci. 199:249-264.

CDPHE. 1995. Cancer study of residents living near the Asarco Globe Plant Denver, Colorado.
Colorado Department of Public Health and Environment, Disease Control and Environmental
Epidemiology Division, Denver, CO.

Chen, C-J., Y-M. Hsueh, M-P. Tseng, Y-C Lin, L-I Hsu, W-L. Chou, H-Y. Chiou, I-H. Wang,
Y-L. Chou, C-H. Tseng, and S-H. Liou. 2001. Individual susceptibility to arseniasis.

pp. 135-143. In: Proc. of the Fourth Annual International Conference on Arsenic Exposure
and Health Effects. June 18-22, 2000. W.R. Chappell, C.O. Abernathy, and R.L. Calderon
(eds). Elsevier Science Ltd.

Chen, Y-C., H-J.J. Su, Y-L.L. Guo, Y-M. Hsueh, T.J. Smith, L.M. Ryan, M-S. Lee, and D.C.
Christiani. 2003. Arsenic methylation and bladder cancer risk in Taiwan. Cancer Causes
Control 14:303-310.

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 1 1



August 30, 2005

Cordier, S., G. Theriault, and H. Iturra. 1983. Mortality patterns in a population living near a
copper smelter. Environ. Res. 31(2):311-322.

Engel, R.R., and A.H. Smith. 1994. Arsenic in drinking water and mortality from vascular
disease: An ecologic analysis in 30 counties in the United States. Arch. Environ. Health
49(5):418-427.

FDA. 1995. Estimating exposure to direct food additives and chemical contaminants in the
diet. Available at: www.cfsan.fda.gov/~dms/opa-cg8.html. U.S. Food and Drug
Administration, Center for Food Safety and Applied Nutrition, Office of Premarket Approval.

Frost, F., L. Harter, S. Milham, R. Royce, A.H. Smith, J. Hartley, and P. Enterline. 1987. Lung
cancer among women residing close to an arsenic emitting copper smelter. Arch. Environ.
Health 42(3):148-152.

Greaves, W.W., W.N. Rom, J.L. Lyon, G. Varley, D.D. Wright, and G. Chiu. 1981.
Relationship between lung cancer and distance of residence from nonferrous smelter stack
effluent. Am. J. Ind. Med. 2(1):15-23.

Hwang, Y.H., R.L. Bornschein, J. Grote, W. Menrath, and S. Roda. 1997. Environmental
arsenic exposure of children around a former copper smelter site. Environ. Res. 72:72-81.

Karagas, M.R., T.A. Stukel, J.S. Morris, T.D. Tosteson, J.E. Weiss, S.K. Spencer, and E.R.
Greenberg. 2001. Skin cancer risk in relation to toenail arsenic concentrations in a U.S.
population-based case-control study. Am. J. Epidemiol. 153(6):559-565.

Knobeloch, L.K. 2002. Health effects of arsenic-contaminated drinking water. Final report.
Wisconsin Department of Health and Family Services.

Lyon, J.L., J.L. Fillmore, and M.R. Klauber. 1977. Arsenical air pollution and lung cancer.
Lancet 2(8043):869.

Marsh, G.M., R.A. Stone, N.A. Esmen, M.J. Gula, C.K. Gause, N.J. Petersen, F.J. Meaney, S.
Rodney, and D. Prybylski. 1997. A case-control study of lung cancer mortality in six Gila
Basin, Arizona smelter towns. Environ. Res. 75(1):56—72.

Marsh, G.M., R.A. Stone, N.A. Esmen, M.J. Gula, C.K. Gause, N.J. Petersen, F.J. Meaney, S.
Rodney, and D. Prybylski. 1998. A case-control study of lung cancer mortality in four rural
Arizona smelter towns. Arch. Environ. Health 53(1):15-28.

Matanoski, G.M., E. Landau, J. Tonascia, C. Lazar, E.A. Elliott, W. McEnroe, and K. King.
1981. Cancer mortality in an industrial area of Baltimore. Environ. Res. 25(1):8-28.

Milham, S. 1988. Toxic wastes and health; how real is the problem? Alaska Med. 30(3):95-98.

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 12



August 30, 2005

Milton, A.H., Z. Hasan, S.M. Shahidullah, S. Sharmin, M.D. Jakariya, M. Rahman, K. Dear,
and W. Smith. 2004. Association between nutritional status and arsenicosis due to chronic
arsenic exposure in Bangladesh. Int. J. Environ. Health Res. 14(2):99-108.

Mitra, S.R., D.N. Guha Mazumder, A. Basu, G. Block, R. Haque, S. Samanta, N. Ghosh, M.M.
Hira Smith, O.S. von Ehrenstein, and A.H. Smith. 2004. Nutritional factors and susceptibility
to arsenic-caused skin lesions in West Bengal, India. Environ. Health Perspect.
112(10):1104-11009.

Miyazaki, K., C. Watanabe, K. Mori, K. Yoshida, and R. Ohtsuka. 2005. The effects of
gestational arsenic exposure and dietary selenium deficiency on selenium and selenoenzymes in
maternal and fetal tissues in mice. Toxicology 208(3):357—365.

Moore, L.E., M. Lu, and A.H. Smith. 2002. Childhood cancer incidence and arsenic exposure
in drinking water in Nevada. Arch. Environ. Health 57:201-206.

Morales, K.H., L. Ryan, T.L. Kuo, M.M. Wu, and C.J. Chen. 2000. Risk of internal cancers
from arsenic in drinking water. Environ. Health Perspect. 108(7):655-661.

Morton, W., G. Starr, D. Pohl, J. Stoner, S. Wagner, and D. Weswig. 1976. Skin cancer and
water arsenic in Lane County, Oregon. Cancer. 37(5):2523-2532.

NRC. 2001. Arsenic in drinking water, 2001 update. National Research Council, Division of
Earth and Life Studies, Board on Environmental Studies and Toxicology, Committee on
Toxicology, Subcommittee to Update 1999 Arsenic in Drinking Water Report. National
Academy Press, Washington, DC.

Pershagen, G. 1985. Lung cancer mortality among men living near an arsenic-emitting smelter.
Am. J. Epidemiol. 122(4):684—694.

Polissar, L., D. Bolgiano, T.M. Burbacher, D.S. Covert, J.P. Hughes, D.A. Kalman, et al. 1987.
Ruston/Vashon arsenic exposure pathways study. Prepared for Washington State Department of
Ecology, Olympia, WA. University of Washington, School of Public Health and Community
Medicine, Seattle, WA.

Rom, W.N., G. Varley, J.L. Lyon, and S. Shopkow. 1982. Lung cancer mortality among
residents living near the EI Paso smelter. Br. J. Ind. Med. 39(3):269-272.

Schoen, A., B. Beck, R. Sharma, and E. Dube. 2004. Arsenic toxicity at low doses:
Epidemiological and mode of action considerations. Toxicol. Appl. Pharmacol.
198(3):253-267.

Schoof, R.A., L.J. Yost, E. Crecelius, K. Irgolic, W. Goessler, H-R. Guo, and H. Greene. 1998.
Dietary arsenic intake in Taiwanese districts with elevated arsenic in drinking water. Hum.
Ecol. Risk Assess. 4(1):117-135.

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 13



August 30, 2005

Schoof, R.A., J. Eickhoff, L.J. Yost, E.A. Crecelius, D.W. Cragin, D.M. Meacher, and D.B.
Menzel. 1999. Dietary exposure to inorganic arsenic. pp. 81-88. In: Proc. Third International
Conference on Arsenic Exposure and Health Effects. W.R. Chappell, C.O. Abernathy, and R.L.
Calderon (eds). Elsevier Science Ltd.

Spallholtz, J.E., L.M. Boylan, and M.M. Rhaman. 2004. Environmental hypothesis: Is poor
dietary selenium intake an underlying factor for arsenicosis and cancer in Bangladesh and West
Bengal, India? Sci. Total Environ. 323(2004):21-32.

Tollestrup, K., J.R. Daling, and J. Allard. 1995. Mortality in a cohort of orchard workers
exposed to lead arsenate pesticide spray. Arch. Environ. Health 50(3):221-229.

Tollestrup, K., F.J. Frost, L.C. Harter, and G.P. McMillan. 2003. Mortality among children
residing near the American Smelting and Refining Company (ASARCO) copper smelter in
Ruston, Washington. Arch. Environ. Health 58(11):683—691.

U.S. EPA. 1989. Internal memorandum from C.O. Abernathy, W. Marcus, Office of Drinking
Water and C. Chen, H. Gibb, P. White, Office of Research and Development, to P. Cook, Office
of Drinking Water, and P. Preuss, Office of Regulatory Support and Scientific Management,
regarding report on arsenic (As) work group meetings, dated February 23, 1989. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.

U.S. EPA. 1991. Risk assessment guidance for Superfund. Volume I: Human health
evaluation manual supplemental guidance. Standard default exposure factors. Interim final.
OSWER Directive 9285.6-03. U.S. Environmental Protection Agency, Office of Emergency
and Remedial Response, Washington, DC.

U.S. EPA. 1997. Exposure factors handbook. EPA/600/P-95/002F. U.S. Environmental
Protection Agency, Office of Research and Development, Washington, DC.

U.S. EPA. 2001. National primary drinking water regulations; arsenic and clarifications to
compliance and new source contaminants monitoring; final rule. 40 CFR Parts 9, 141, and 142.
U.S. Environmental Protection Agency.

U.S. EPA. 2004. Risk assessment guidance for Superfund supplemental guidance for
Superfund, Volume I: Human health evaluation manual. Part E, Supplemental guidance for
dermal risk assessment. U.S. Environmental Protection Agency, Office of Emergency and
Remedial Response, Washington, DC.

U.S. EPA. 2005. Setting standards for safe drinking water. U.S. Environmental Protection
Agency, Office of Ground Water and Drinking Water, Washington, DC.

Valberg, P.A., B.D. Beck, P.D. Boardman, and J.T. Cohen. 1998. Likelihood ratio analysis of
skin cancer prevalence associated with arsenic in drinking water in the USA. Environ.
Geochem. Health 20:61-66.

Wong, O., M.D. Whorton, D.E. Foliart, and R. Lowengart. 1992. An ecologic study of skin
cancer and environmental arsenic exposure. Int. Arch. Occup. Environ. Health 64(4):235-234.

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 14



August 30, 2005

WSDH and ATSDR. 1994. Mortality study of children residing near Asarco Copper Smelter in
Ruston, Washington. PB95-142022. Washington State Department of Health, Olympia, WA, and
Agency for Toxic Substances and Disease Registry, Atlanta, GA.

Yang, L., W. Wang, S. Hou, P.J. Peterson, and W.P. Williams. 2002. Effects of selenium
supplementation on arsenism: An intervention trial in Inner Mongolia. Environ. Geochem.
Health 24:359-374.

Yost, L.J., S.-H. Tao, S.K. Egan, L.M. Barraj, K.M. Smith, J.S. Tsuji, Y.W. Lowney, R.A.
Schoof, and N.J. Rachman. 2004. Estimation of dietary intake of inorganic arsenic in U.S.
children. Hum. Ecol. Risk Assess. 10:473-483.

\\bellevue1\docs\2900\be02916.001 0101\comments to sab.doc 15



Attachment 1

Additional Epidemiological
Studies of Low-Level Arsenic
Exposure



Attachment 1. Additional epidemiological studies of lower-level arsenic exposure

Reference Study Location

Study type

Study Population (Exposed)

Sample Size and Number of
Observed or Exposed

Range of Arsenic Exposure
Levels

Study Findings

U.S. Water Exposure

Karagas et al. 2001 New Hampshire

Knobeloch 2002 Wisconsin
(Outagamie and
Winnebago

counties)

16 river basins
nationwide

Berg and Burbank
1972

30 U.S. counties
in 11 states

Engel and Smith
1994

Moore et al. 2002 Nevada

Case control

Cross
sectional

Ecological

Ecological

Ecological

Newly diagnosed cases (July
1993-June 1995), aged 25-74.
Identified by dermatologists and
pathology labs. N=603 BCC
and 293 SCC (cases
interviewed).

State includes areas with
elevated arsenic in well water.

Respondents to well-water
testing program and family water
use and health history
guestionnaire between June
2000 and January 2002.

2,223 families responded
comprising a total of 6,669
individuals including 522 pre-
school aged children and 752
adults over the age of 65.

Cancer mortality from each of 34
cancers. 18-year incidence
rates were calculated separately
for four groups: white men, white
women, nonwhite men, and
nonwhite women.

Mortality data for whites from
NCHS and population data from
the U.S. Census Bureau (1968-
1984) in the counties with a
mean arsenic level of at least 5

ua/L.

All children aged 0-19 living in
Nevada 1979-1999. N=327,947
(Pop. was determined by 1990
census data.) Cancer incidence
rates obtained from the state
cancer registry.

BCC cases N=587
SCC cases N=284
Controls N=524

All cancers N=380
Bladder cancer N=11

Lung cancer N=13 (12
diagnosed while living in
current residence)

Skin cancer:

Melanoma N=25 (19
diagnosed while living in
current residence)

Non-melanoma N=122 (95
diagnosed while living in
current residence)

Not given

Malignant neoplasms:
M: 22,971
F: 18,849
Lung Cancer:
M: 7,274
F: 2,538

All cancers N = 1,003
Leukemia cases:

High Exposure: 8 out of
11,370; Medium Exposure 3
out of 8,751; Low Exposure
257 out of 311,173

Toenail arsenic
concentrations (ng/g)=
BCC cases: 0.01-2.03
SCC cases: 0.01-2.57
Controls: 0.01-0.81

0-3,100 pg/L

Not given

5.4-91.5 pg/L;
Exposure categories (ug/L):
5-10, 10-20, >20

0.0-91.5 pg/L

Exposure Category (ug/L):
Low: < 10; Medium: 10-25;
High: 35-90

"Toenail arsenic concentrations were
unrelated to risk at levels most
commonly encountered in the
population we studied." (p. 561)

"Adjustment for other covariates had
no appreciable effect on relative risk
estimates." (p. 561)

No significant increases in bladder
cancer or lung cancer risk. Increased
skin cancer risks for smokers aged
65 and older in the highest well water
exposure group > 5 pg/L (OR =4.79;
95% Cl = 1.92-11.96).

No correlation between arsenic water
concentration measurements and
skin cancer, lung cancer, or other
cancers associated with arsenic

"Mortality due to malignant
neoplasms was also close to
expected in the three arsenic
categories in both genders." (p. 420)

"Lung cancer mortality in females
was within the expected and was
smaller than expected for males in
the two higher arsenic categories."
(p. 423)

No significant increases associated
with arsenic in water for leukemia or
all nonleukemia childhood cancers
combined.
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Attachment 1. (cont.)

Reference

Study Location

Study type

Study Population (Exposed)

Sample Size and Number of
Observed or Exposed

Range of Arsenic Exposure
Levels

Study Findings

Morton et al. 1976
County)

Other U.S. Studies

Tollestrup et al. Wenatchee,
1995 Washington

Valberg et al. 1998 Nevada, Alaska,

Utah

Communities near Smelters/Industrial Facilities

Tollestrup et al.
2003 Washington

Oregon (Lane

Ruston/Tacoma,

Ecological

Cohort

Pooled
analysis

Cohort

Histopathologically confirmed
cases of skin cancer among
Lane County residents
diagnosed during 1958-1971.

Individuals who lived in the
Wenatchee area (where lead
arsenate spray was used for a
longer time period [more than 25
years] and in larger amounts
than in other areas in the U.S.)
during the 1938 apple growing
season and who had
participated in the 1938 Neal
study and the 1968 Nelson
study.

Cohort (N=1,225) divided into
three exposure groups:
Consumers (no occupational
spray exposure), N=292;
Intermediates (no spray use in
1938 or infrequent exposure to
spray), N=296; and Orchardists
(prepared and applied spray
during growing season), N=535.

Study populations from
publications (Vig et al. 1984,
Harrington et al. 1978,
Southwick et al. 1983) on
communities with high drinking
water arsenic levels

Individuals born between 1895
and 1925 who had resided in the
study area (within 2.0 miles of
the copper smelter) for at least 2
years prior to age 14 between
1907 and 1932. N=3,336
potential participants, 196 who
later worked at the smelter were
excluded. Eight additional
excluded because born prior to
1895 or after 1925. Follow-up
through December 31, 1990.

3,691 cases of nonmelanoma
(BCC and SCC) skin cancer
among 3,237 individuals

All cancers, M: 84; F: 39

Lung cancer: 1 F consumer,
no F intermediate or
orchardist

No specific data reported for
M lung cancer.

Used the current EPA arsenic
cancer slope factor (CSF) to
predict the expected number
of skin cancers given that
zero skin cancers were
observed.

Total N=3,132 (1,827 boys,
1,305 girls)
Malignant neoplasms, M: 121,
F: 88
Lung cancer, M: 47, F: 15
Bladder cancer, M: 4, F: 1

Water arsenic (ug/L)

Entire Lane County: 0-2,150
Rural: 0-2,150
Urban: 0-860

Average concentration of
urinary arsenic ranged from
56 t0140 pg/L

76-401 pg/L

Not reported in study. In the
1970s and early 1980s with
air pollution controls, air
levels averaged 0.8 pg/m®
with an occasional elevation
to 10 pg/m° (Frost et al. 1987;
Milham 1988). Speciated
urinary arsenic levels in
children in the early 1980s
averaged 52 pg/L (Polissar et
al. 1987). Historical levels

would have been even higher.

"Neither type of skin cancer was
directly related to arsenic levels.”
(abstract) Increases in BCC with
urban exposure.

No significant increase in lung cancer

or all cancers mortality in
Intermediates or Orchardists
compared to the Consumers.

Null hypothesis of no additional skin
cancer risk from arsenic was
approximately 2.2 more times likely
than the hypothesis that ingested
arsenic causes the rate of skin
cancer predicted by the CSF.

“No consistent patterns of adverse
health effects, including excess

mortality rates from lung and bladder

cancer.” (p. 626).
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Attachment 1. (cont.)

Study type

Study Population (Exposed)

Sample Size and Number of
Observed or Exposed

Range of Arsenic Exposure
Levels

Study Findings

Reference Study Location

Frost et al. 1987 Ruston/Tacoma,
Washington

Greaves et al. 1981 Idaho (zinc

smelter) and
Montana, New
Mexico, Utah,
Arizona (6 sites)
(all copper
smelters)

Lyon et al. 1977 Salt Lake City,

Utah

Marsh et al. 1997 6 copper smelter

towns in Arizona

Marsh et al. 1998 4 copper smelter

towns in Arizona

Case control
and
Ecological

Case control

Case control

Case control

Case control

Identified lung cancer deaths

between 1935-1969 occurring in

women residing near copper
smelter. N=164. Cases and
controls were restricted to
residents with either a Tacoma
or Ruston address as
determined by death certificate.

Lists of cancer patients were
obtained from state cancer
registries (Idaho, New Mexico,
and Utah); from local hospitals
(Montana); or lists were
abstracted from death
certificates (Arizona) for those
within a 20-km radius of smelter
1970-1977.

Identified new cases of lung
cancer in 1969-1975 within 25
miles of smelter.

Identified as all lung cancer
deaths between 1979-1990
(based on residence at time of

death listed on death certificate).

N=183

Identified as all lung cancer
deaths between 1979-1990 in 4
smelter towns and a 25-km
radius surrounding the town
(based on residence at time of

death listed on death certificate).

N=142

Case control study:

156 cases; 156 controls
Ecological study:

Ruston area N=36
Remainder of Tacoma N=125
Remainder of Pierce County
N=100

71 cases
158 controls

593 cases (479 M; 114 F)
265 controls (153M; 112 F)

150 cases
322 controls

114 cases
210 controls

Not reported in study. In the
1970s and early 1980s with
air pollution controls, air
levels averaged 0.8 pg/m®
with an occasional elevation
to 10 pg/m° (Frost et al. 1987;
Milham 1988). Speciated
urinary arsenic levels in
children in the early 1980s
averaged 52 pg/L (Polissar et
al. 1987). Historical levels
would have been even higher.

Examined distribution of
cases and controls with
respect to distance from
smelters. Exposure levels not
given. Arsenic levels in ore
highest in Montana,
intermediate in Utah, and
lowest in Arizona. The
arsenic level in soil 1.1 km
from smelter in Utah was 540

ppm.

Association examined with
distance from smelter. Sulfur
dioxide and arsenic emissions
noted but no arsenic levels
given.

Not given. Arsenic exposure
based on occupational
studies and ore content
appears low, but historical
exposures could have been
higher in the past when less
air pollution controls were
used.

Not given. Arsenic exposure
based on occupational
studies and ore content
appears low, but historical
exposures could have been
higher if ore content differed
in the past when less air
pollution controls were used.

Case-control study:

“An elevated incidence of lung cancer
was not detected in comparing
observed with expected lung cancer
rates.” (p. 151) Odds ratio of 1.58 for
highest exposure index; trend not
significant (P=0.07).

Ecological study:

Relative risk of 0.94 with upper one-
sided 95% ClI of 1.08

“Lung cancer cases did not live closer
to the smelter than the controls at any
of the sites.” (p. 17)

“No association between lung cancer
incidence and residence near a
smelter.” (p. 869)

No association between lung cancer
mortality and residential exposure to
smelter emissions. “Among male
residents of some, but not all, towns,
there was some evidence of a
positive association between lung
cancer risk and reported copper
smelter-related employment.”
(abstract)

"This study provided little evidence
that lung cancer mortality risk among
residents of these smelter towns was
associated positively with general
environmental (residential) exposures
to smelter emissions." (p. 26)
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Attachment 1. (cont.)

Reference Study Location

Study Population (Exposed)

Sample Size and Number of
Observed or Exposed

Range of Arsenic Exposure
Levels

Study Findings

Pershagen 1985 Near
Ronnskarsverken
copper smelter in
northern Sweden

Rom et al. 1982 El Paso, Texas

Cordier et al. 1983 Quebec Province
(Rouyn-Noranda)

Two parishes in one county
chosen as the exposed area; the
remaining part of the county
constitutes the reference area.
Cases were identified as men
who died between 1961 and
1979 with a diagnosis of
carcinoma of the bronchus, lung
or pleura in the study area. Six
additional cases were identified
from the National Register on
Causes of Death and the
regional cancer register. N=221

Cases were collected from
death certificates and hospital
charts (1944-1949) and
incidence data (1950-1973)
collected at time of diagnosis.

All deaths in Rouyn-Noranda
between 1965-1975: N=1,733.
Total population 1971 N=28,555

42 cases in the community
who were not miners or
smelter workers (4 non-
smokers and 38 smokers)
matched to 55 controls (25
nonsmokers and 30 smokers)

575 cases (413 M: 162 F)
1,490 controls (376 M;
1,114 F)

Rouyn-Noranda (cases)
Malignant neoplasms, M:225,
F:124

Lung, M:71, F:7
Val D'or (comparison)
Malignant neoplasms, M:114,
F:69

Lung, M:27, F:5
Quebec province
(comparison)
Malignant neoplasms,
M:48,590, F:39,030

Lung, M:12,950, F:2,100

Not given

Arsenic containing ore used.
Smelter in continuous
operation since 1887.
Exposure examined with
respect to distance from
smelter. Six-month mean
levels of arsenic in air in 1972
ranged from 2.5 pg/m® at the
property boundary to <0.05
pg/m? 3-5 km from the
smelter

Not given. The authors report
estimates for sulfur dioxide
and lead, but not arsenic.

Increased relative risk of lung cancer
in smokers residing in the exposed
area compared to the reference area
(RR=2.2; 95%CI=1.3-3.9). Relative
risk for nonsmokers were similar but
not statistically significant.

No association was found between
lung cancer and distance from the El
Paso smelter compared with control
cancers for the period 1944-73 for
575 cases and 1,490 controls.

(p. 270)

Mortality patterns in Rouyn-Noranda
show a statistically significant excess
of deaths by lung cancer in men
(SRR =1.53 vs. Val D'or; SRR = 1.22
vs. Quebec) but not women.
Evidence of increases in chronic
respiratory disease in both men and
women.
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Attachment 1. (cont.)

Sample Size and Number of

Range of Arsenic Exposure

Reference Study Location Study type Study Population (Exposed) Observed or Exposed Levels Study Findings
Matanoski et al. Arsenical Ecological Cancer death rates for 4 index Population for each census Soil sampling conducted near In Tract 2303 ( the tract with the
1981 pesticide plant, census tracts during 1958-1962 tract not provided. plant, in area farther out to highest soil levels), there was
Baltimore, and 1968-1974 compared to Number of cases for 4 index determine how distant significantly increased mortality for
Maryland controls. Included only deaths tracts (1958-1962): elevated levels could be men (lung cancer [SMR=2.74] and all
occurring inside the city. All cancers, M: 95, F: 52 detected, and in two distant cancer [SMR=1.94]) but not for
Lung, M: 29, F; 1 parks, as controls. women, for the 1958-1962 and 1966-
Number of cases for 4 index 1974 time periods.
tracts (1968-1974): Tract 2303, Mean= 63 ppm _ _
All cancers, M: 127, F: 73 Tracts 2301 and 2404, Mean= Of the cases with known smoking
Lung, M: 62, F: 8 6 ppm history 30 men were smokers ar_1d 2
Number of cases for 3 index Tract 2302, Mean= 4 ppm men were nonsmokers. Removing 4
tracts (1958-1962 and 1966- cases who were employed at the
1974); plant did not change the significance
All cancers, WM: 184, WF: 98 of the rate.
Lung, WM: 78, WF: 6
Bladder, WM: 5. WF: 0
Wong et al. 1992 Four counties in  Ecological All histologically confirmed skin 2,252 skin cancer cases Not given; but likely "Based on the findings in this study,

Montana

cancer cases during the period
January 1980 through June
1986 were collected from
pathology services and
dermatologists in Deer Lodge
(with former Anaconda copper
smelter) and Silver Bow (Butte
open pit copper mine and
smelter) counties. Gallatin and

Park Counties used as controls.

identified by NCI case
definition

2,451 skin cancer cases
identified by "study" definition
of case

substantial for smelter sites.
Study areas included the
Anaconda and Butte
Superfund sites. Elevated
urinary arsenic levels were
measured in children in the
past in Anaconda (Hwang et
al. 1997).

residents in the exposed counties of
Deer Lodge and Silver Bow did not
experience an increase in skin cancer
incidence as compared to the
residents in Gallatin and Park
counties." (p. 241)

Note: BCC - basal cell carcinoma
(o] - confidence interval
CSF - cancer slope factor
EPA - Environmental Protection Agency
F - female
M - male
N - number
NCHS - National Center for Health Statistics
NCI - National Cancer Institute
OR - odds ratio
RR - relative risk
SCC - squamous cell carcinoma
SMR - standardized mortality ratio
SRR - standardized rate ratio
WF - white female
WM - white male
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Attachment 2. Derivation of risk estimates with current and proposed cancer slope factor (CSF)

Risks Related to Diet and Water?®

Mean Diet and

Risks Related to Diet

Mean Diet and and Water at 90th

Risks Related to
b

Parameter Water <10 ug/L  Existing Water Percentile Water Risks Related to Direct Contact with Soil°
Intake in pg/day 5.6 6.1 10.5 -- -- -- --
Assumed water concentration mg/L -- -- -- 0.01 -- -- --
Soil concentration mg/kg -- -- -- -- 20 50 100
Intake in mg/kg-day 8.0.E-05 8.7.E-05 1.5.E-04 2.9.E-04 - - -
Conversion factor (mg/pg) 1.0.E-03 1.0.E-03 1.0.E-03 -- -- -- --
Dalily lifetime water intake (L/day) (U.S. EPA 2005) -- -- -- 2 -- -- --
Adult body weight (kg) (U.S. EPA 1991) 70 70 70 70 70 70 70
Lifetime (70 years*365 days) - 25,550 25,550 25,550 25,550 25,550 25,550
Exposure frequency (days/year) 365 365 365 365 365 365 365
Exposure duration (years) 70 70 70 70 30 30 30
Current CSF—Carcinogenic potency factor for arsenic, mg/kg-day‘l 1.5 1.5 15 1.5 1.5 1.5 1.5
Proposed CSF-Carcinogenic potency factor for arsenic, mg/kg-day‘1 5.7 5.7 5.7 5.7 5.7 5.7 5.7
Soil ingestion rate (mg/day) child (U.S. EPA 1991) -- -- -- -- 200 200 200
Soil Ingestion rate (mg/day) adult (U.S. EPA 1991) -- -- -- -- 100 100 100
Oral absorption from soil (unitless) -- -- -- -- 0.8 0.8 0.8
Integrated term for soil ingestion (mg-year/kg-day) -- -- -- -- 114 114 114
Conversion factor mg per kilogram (unitless) 1E-06 -- -- -- 1E-06 1E-06 1E-06
Dermal surface area (cmzlday) adult (U.S. EPA 2004) -- -- -- -- 5,700 5,700 5,700
Dermal adherence (mg/cmz) adult (U.S. EPA 2004) -- -- -- -- 0.07 0.07 0.07
Dermal surface area (cmzlday) child (U.S. EPA 2004) -- -- -- -- 2,800 2,800 2,800
Dermal adherence (mg/cmz) child (U.S. EPA 2004) -- -- -- -- 0.2 0.2 0.2
Dermal absorption from soil (unitless) (U.S. EPA 2004) -- -- -- -- 0.03 0.03 0.03
Integrated term for soil dermal (mg-year/kg-day) -- -- -- -- 361 361 361
Mean Dietand ~ Mean Dietand  90th Percentile Diet Lifetime Water Soil at Soil at Soil at
Water <10 ug/L  Existing Water and Water Intake 10 pg/L 20 mg/kg 50 mg/kg 100 mg/kg
Excess lifetime cancer risk at current CSF 1.5 (mg/kg-day)‘1 1.E-04 1.E-04 2.E-04 4.E-04 4.E-05 1.E-04 2.E-04
Excess lifetime cancer risk at proposed CSF 5.7 (mg/kg-day)™ 5.E-04 5.E-04 9.E-04 2.E-03 2.E-04 4.E-04 8.E-04

2 Dietary and water risk = (As;, dietary and water intake pg/day x 0.001 mg/pg x CSF) / 70 kg body weight

PWater risk = (mg/L As;, water concentration x liters per day x CSF) / 70 kg body weight

°Soil contact risk = (As;, soil concentration mg/kg x 107° kg/mg x exposure frequency in days x ((integrated soil ingestion term ([mg-year]/[kg-day]) x absorption from soil)

+ (soil integrated dermal contact with soil term x dermal absorption from soil ([mg-year]/[kg/day]))) x CSF) / lifetime averaging time in days
- Integrated soil ingestion term = ((100 mg/day adult intake x 24 years adult exposure) / 70 kg adult body weight) + ((200 mg/day child intake x 6 years child exposure)

/ 15 kg child body weight ).

- Integrated dermal contact term = ((5,700 cm? adult surface area x 0.07 mg/cm2 adult adherence x 24 years adult exposure) / 70 kg adult body weight)
+((2,800 cm? child surface area x 0.2 mg/cm2 child adherence x 6 years child exposure) / 15 kg child body weight)
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ESTIMATING A RELATIVE SOURCE CONTRIBUTION
FOR DRINKING WATER IN ARSENIC (As)
| RISK ASSESSMENTS*

Irene S. Dooley’, Charles Abernathy?, Maureen Devitt?, and Alison Kotros?

'OW/OGWDW, USEPA, Washington, DC; 20W/OST, USEPA, Washington, DC; and *The Cadmus
’ Group, Watertown, MA

Abstract

In 1996, the United States Environmental Protection Agency (EPA) charged the National Academy of Sciences/National
Research Council (NRC) to review the Agency’s draft risk assessment of As in food and drinking water; considering the
available studies. The NRC issued a report in 1999, and EPA used many of the NRC’s recommendations and data to
quantify bladder and lung cancer risks for its 2001 arsenic drinking water regulation. After publishing the final arsenic
rule on January 22, 2001, the Agency asked the NRC to re-evaluate the Agency’s risk assessment, recent studies, and the
effect of data uncertainties and differences in populations related to As. One uncertainty examined is water consump-
tion. The 2001 NRC report commented on the Taiwanese water consumption rates applied in the 1999 NRC report and
EPA’s 2001 drinking water risk assessment and characterization. In this paper, we use U.S. Army data to examine some
parameters that can affect water consumption to estimate drinking water consumption in Taiwan. We used temperature
and relative humidity to establish heat categories, along with three different levels of work (light, medium or heavy
activity) to estimate the historical water intake levels for Taiwanese (adjusted to 55 kg for males and 50 kg for females).
During the warm growing season, water intake estimates ranged from 4.3 L/day (light activity) to 6.4 L/day (medium to
heavy activity). During the cooler months, the lower bound estimates were taken from the Army’s minimum recommen-
dations of 1.9 to 2.4 L/day. Estimations of water needs were based on only “working™ hours and average monthly
temperatures. For most of the year, Taiwanese water intake is near 2 L/day, but during the growing season, it may reach
6.4 L/day, for an annual average of 3.6 L/day, approximately the rate used by EPA in its 2001 risk assessment. This
methodology needs to be further validated prior to its use in risk assessments.

Introduction

While most cancer risk assessments are based on animal used data from Guthrie (1983), and calculated that the
studies, those for arsenic (As) arise from human epidemi-  average Taiwanese doing light to moderate work would
ology studies (USEPA, 2001; NRC, 1999; NRC, 2001). The  require between 1.9 and 2.1 L/day of water and that .
studies used for promulgation of the Agency’s 2001 approximately one-half of their water intake would be
Maximum Contaminant Level (MCL) for As of 10 pg/L derived from food. There have been several studies which
(or 10 ppb) (66 FR 6975 (USEPA, 2001)) were derived examine water intakes and losses (Table 1). However,
from studies of Taiwanese people exposed to As in their direct comparison is difficult because of the many factors
drinking water supplies. In those studies, it was assumed that should be considered when estimating water intakes
that the average Taiwanese male weighed 55 kg and the and losses, including: body weight, temperature, humidity,
average female was 50 kg. It was also assumed that their and activity level. For example, data from Guyton et al.
mean consumptions of drinking water per day were 3.5 (2000, as cited in Berardi, 2001) estimates that a 55 kg

and 2.0 L/day, respectively (66 FR 6975 (USEPA, 2001); person (scaled down from 70 kg) could lose from 1.2 L/
NRC, 1999; NRC, 2001). These values can be traced back  day (urine and sweat) at 68 °F with no physical activity,

to the values used by the Agency in its 1988 report on the  and up to 4.3 L/day (urine and sweat; Table 1) with
quantitation of skin cancer in southwest Taiwan (USEPA,  exercise at 86 °F. Accordingly, we were interested in

E 1988). _ examining various parameters and estimating drinking

_ water consumption under different conditions throughout
This level of drinking water consumption has been the year.
disputed in a report by Mushak and Crocetti (1995). They

*The opinions expressed in this presentation are those of the anthors and do not necessarily represent the opinions or views of the EPA
or of the Cadmus Group, Inc.
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Table 1. Comparison of Water Intake Needs and Water Losses

Assumptions (where specified)

Stud Range of . :
d Estimates Weight | Activity | Ciimate | Other
Water Intake Needs
0.95 Liday torany | nactve 38 ml of water per kg of body
Mushak and 100°F | weight; 50% of water intake
Grocat, 1995 55 kg . comes from food consumed
1.05 L/day (man) active
. Scaled down from a 70 kg
NAS, 1980, as cited ; ;
in NAS, 1989 1.2 L/day . 55 kg | Ezilgty;vm is not sweating (1.5
NAS, 1989 2-3 Uday koabay T cal and 2,000
. Scaled down water intake of
Downey and 0.38 - 0.9 Lhr 55 k :ﬁ‘e’&ely high 52 men and 7 women in
Hopkins, 2001 ) : 9 (triathalon) triathalon, average mass 72 kg
+- 5 mbkg/hr
Water Losses
+ i 80.6°F d
Gisoff et al, 1977 |0.25 LA¥ walking 3.5 Y 14 endurance runners, weight
as cited in NAS, mph; moderate {gg o not specified
1993 07 Lr exercise humid
. moderately
Kleiner, 1999 1 - 2 L/hr sweat heavy exercise
1.1Luire & <0.1L no exercise 68°F
sweaVday
Guyton et al., 2000, ; .
as cited in Berardi 09 L wine & 1.1L 55 kg no exercise 85°F Scaled from a 70 kg person
2001 ' |sweat/day
03L wine & 41 no exercise  {85°F
sweatday
U.S. Military Water Intake Equation 1:

Recommendations

It is of utmost importance to the U.S. Armed Forces to
supply its troops with sufficient water to maintain hydra-
tion. To accomplish this, they must determine how much
drinking water is required to be transported and stocked to
prevent dehydration in soldiers at different levels of
activity in various climates (e.g., deserts, tropics, moun-

WBGT=0.7WB +02GT +0.1 DB
Where:

tains). The concept of the wet bulb globe temperature

(WBGT) is credited to Navy-commissioned studies of heat
effects on exercise safety, which were conducted follow-
ing heat stroke casualties in the early 1950s experienced by
Marines training at Parris Island, South Carolina (Zunis,
1999). The WBGT index became an international standard -

in 1989 (ISO 7243).

WB - Wet Bulb (Thermometer wrapped in water-
soaked cotton to simulate sweat evaporation while
exposed to wind and sun) ‘
GT - Global Thermometer (Thermometer inside a
6" black ball to consider effects of radiant heat)
DB - Dry Bulb (Standard Dry bulb thermometer)

The Occupational Safety and Health Administration
(OSHA, 1999) describes the WBGT as a technique to
correlate deep body temperature and other physiological
responses to heat, wind, sun, and humidity. When a
person exercises, muscles release heat energy. A liter of

sweat releases 580 Kcal of heat to the air when it evapo-
rates from the skin. However, when the air is humid, less
sweat evaporates (Zunis, 1999). The U.S. military devel-
oped hourly water intake rates based on activity level, and




Table 2. Work/Rest Cycles and Water Consumption Rates

Heat " WBGT Easy Work 2 Moderate Work 2 Hard Work

ea

Category * lngFex Work/Rest | Water Intake | Work/Rest | Water Intake | Work/Rest | Water Intake

‘ (min) (Qthr) (min) (Qthr) (min) (Qthr)
(W,}te) 78°-819°] AL 12 NL a/4 40120 3/4
(Grgen) 82° - 84.9° NL 12 50/10 3/4 30/30 1
Yelow) | 85°-879° AL 34 40/20 34 30/30 1
(R‘;d) 88° - 89.9° NL 3/4 30/30 3/4 20/40 | 1
(Blg’ck) >90° 50/10 1 20/40 1 10/50 1

2NL = no limit to work time per houwr.

Reference: Martin Army Community Hospital (hitp:lew.martinamedd.annyminet_heat_weanl); also available at U.S. Army
Center for Health Promotion and Preventive Medicine 2002 Heat Stress Card hitp//usachppm.apgea.army.mildoem/pgm34/HIPP/
WorkRestTable.pdf) and (htp//chppm-www.apgea.army mildoem/pgm34/hippheat:20stress%20card.pdf). - :

' Color coded flags, as indicated in parentheses, are used at U.S. military bases as a nofification of daily water intake needs.

using the WBGT (see Equation 1) method. The recom-
mendations for troops in battle dress (e.g., long sleeves,
packs, etc) are presented above in Table 2 (from: http://
www.martin.ammed.army.mil/wet_heat_web.html).

The Martin Army Community Hospital Web site also
provides a table linking the five heat categories to air
temperature and relative humidity values. This is a practi-
cal tool for estimating water intake needs, because WBGT
data are often not available; and in fact, were not available
for southwestern Taiwan. Historic
temperature and humidity data are

for the lower average body weight of the Taiwanese (as
compared to the average weight of a U.S. soldier). To
convert from “per hour” to “per day”, we assumed that
their primary water needs occurred during working hours
and multiplied the hourly rate by 9 hours/day. The calcula-
tion used was as follows:

Equation 2;
Average Daily Water Intake = (9 hrs/day) x (military
per hour intake recommendations)
(adjusted for body weight differential).

available through the Taiwan Central
Weather Bureau Web site (http://
www.cwb.gov.tw) from 1961 to 1990

Figure 1. Cimate Data for Chiayl, Talwan (1981-1990) and Corresponding
Water Intake Noods for Moderate Activity Level

for the town of Chiayi, Taiwan, a

--M- - —o—Avg Tomp

moderately sized community in the
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middle of the southwestern Taiwan.
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region. We used this data in Figure 1
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to estimate the relevant water intake
needs.
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Results

- Using the U.S. military data, we
estimated water consumption, in liters
per day for each month of the year,
using a moderate activity level, and
the average temperature and relative
humidity (Figure 1). The military

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

guidelines in Table 2 were adjusted

NOTE: These data represent Tawan’s Central Waather By

downward by 1/4 L/hour to account

(Chiayi from 1961-1890 (Http://www.cwh. gov tw/V:




Table 3. Hourly Temperatures (°F), Kaohsiung, Taiwan, December 15, 2003
(www.wunderground.com/history)

Time am| 12:00 | 1:00 2:00 3:00 400 | 500 6:00 7:00 8:00 9:00 | 10:00 | 11:00
Temp. 59.0 590 | 572 572 55.4 57.2 554 572 59.0 644 68.0 69.8
|
Timepm| 12:00 | 1:00 | 200 | 3:00 | 4:00 5:00 6:00 7:00 | 8:00 9:00 | 10:00 | 11:00
Temp. | 716 | 716 | 716 | 698 | 698 | 680 | 680 | 680 | 662 | 662 | 644 | 625

The highest intakes would be in August (given high
average temperatures and work in rice fields), when
estimated water needs could exceed 6 L/day. However, the
annual average daily water intake for a moderately active
worker in southwestern Taiwan would be 3.6 L/day. If
estimates were based on average maximum monthly
temperatures, the annual average would be 5 L/day
(Figure 1). Average monthly (diurnal) temperatures tend
to underestimate the temperature during the working
hours, as noted in the discussion of Table 3.

The average daily temperature for a recent day in
Kaohsiung, Taiwan, a community just south of Chiayi,
was 64.0 °F, which compares favorably to the 1961-1990
average temperature in Chiayi (Table 2) for December of
63 °F. The average daily temperature in Kaohsiung be-
tween 7-am and 4 pm is 67.3 °F.

Conclusions

Applying the U.S. military water intake guidelines to
historical Taiwanese weather data appears to support the
daily water consumption rate of 3.5 L/day for the Taiwan-
ese which EPA used in its 2001 risk assessment. We used
the following factors:

) A moderate level of activity to adjust for annnal
variations in workloads.

(2) Calculated water consumption for a work day of 9
hours, which does not account for food and drink
ingested during the rest of the day. '

There are two other factors whlch could affect these
calculations:

(1) WBGT heat categories, baéed on battle dress,
probably overestimate water requirements of the
Taiwanese.

(2) Calculating Taiwanese heat categories from
average daily (diurnal) temperatures may underes-
timate water requirements.

‘At the present time, we cannot quantify these effects.

Other U.S. military estimates illustrate and support the
conclusions of this paper. Figure 3-5 from the Army 2003
bulletin (AFPAM, 2003) derives daily water requirements
at different daily mean WBGT temperatures at different
caloric (energy) expenditures. This figure uses the average
temperature during the day (not 24-hour average tempera-
ture) and assumes that the work is done during the day.
The top of each curve is for work done in full sun and the
bottom of each curve is for work done in the shade.

Figure 3.5. Daily water requirements during
various daily climatic (day time average
WBGT) and metabolic (kcal/d) conditions
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Subjest: Report on A:seni‘c {as) Work Group Meetings.

From:  Charles O. Atermathy (Reporter)
william Marcus
Office of Drinking Water

Chao Chen

Berman Gikb

Paul White

Qffice of Resaarch and Development

To: Peter Cook
Deputy Directer,
Office of Drinking Water (WH-350)

Peter Preuss
Director,
Office of Regulatory Support
and Scientific Management (RD—672)

I. Introduction,

C. Chen, H. Gikb, P. white of ORD and W. Marcus {telephone) and
C. Abernathy of ODW met on several octassions to discuss the Tseng {1948,
1977) arnd Southwick et al. (1983) studies, the ORD trip (Irgeolic, 1988
report and other relevant As publications and reports in order to try
to reach some conclusions on which study to use for calculating an RED
for As. The adverse effects considered by the Work Group for estab-
lishing a NOAEL were hyperksratosis and Blackfoot Disesase. Specific
commants by individuals will be attributed to those individumls.

It was generally agrsed that, although there wera a lot of
facts, the data were scattered and there were serious data gaps.
The paucity of data in many areas prevented the group from reaching
definitive conclusiens. The discussion centersd around the amount of
water (direct and indirect) ingested, the amount of food (rice and sweet
potatoes) eaten, the levels of As in food, water and soil, uptake of
As from the soil by plants and the percent of As as inorganic As in focd
and watsr. The analyses presented telow will be based on various
assumptions which will be specified. ' :



II. Water Consumption.

A. Direct. The value of 3.5 1 of water/day was usad for the
ORD calculations. . .

1. H. Gibb talksd to 3 to 4 people in Blackiocot treatment
center and asked them to estimate their water consumgiion.
They estimated that they drvank up to three 1.25 1 kotiles

of watar per day. Since he had to ask the questicns througn
an intsrprater and only a limited aumber of persons wers
asked, H. Gibb felt that the data wera a little "soft”

and could only be used as an apgroximation, but that they
were consistent with the view of the Work Group on watsr ¢on-
sunption by the Taiwanese. :

2. P. white agrzed that the infermation on Taiwznese watsr
consumption was limitsd., He felt that the Taiwanese lalorers
could have had higher fluid consumption than the general U. S.
perulation, but noted that; this water consumption applies to the
entirz population (laborers and nonlaborars) over the whole year,
Taiwanese are physically smaller than average Americans, and U.S
drinking water consumption terdds to be less than 2 l/day. Thers-
fore, he did not feel confident that water <onsumption was as high
as 3.5 1/day and felt that 3.5 l/day might be an appropriate esti-
mate of total water consumption (see below).

3. Chao Chen, W. Marcus and C. Abermathy felt that in a warm to
hot climate, laborers could easily drink 3 to 4 1 of water/day.

Most of the workgroup felt that the Taiwanese workars could drink
3 to 4 1 of water/day and that 3.5 1/day seemed to be a2 reasonable esti-
mate for direct watsr consumption. :

B. Indirect. Water was usad to cook rice and sweet potatces
and this amount was not factoved into the origiral exposure
scenario.

1. Rice. C. Abernathy mentioned the fact the J. Du (OUMW) had cooked
rice and found that it took approximataly 200 ml of water to
cock 100 g of rice. This value was accepted by the workgroup.

2. Sweet potatoes. They are eaten either as fresh vege-
tables or ars sun~dried for praservation in order to
eat them during nongrowing seasons. The dry form of
the vegetable would take more water (The rice and sweet
potatoas ave cooked tegether - Chao Chen.) to ¢ook than
the fresh form. Taking into considerakion the dry and the
fresh forms, Chao Chen estimated that it would take 59 to
758 as much watar to cook the sweet potatoes as it would
to cook the rice. accodingly, if we assume that it would
take 639 as much watar for the potatoes as the rice, then
for 100 g of potatoes., it would take 125 ml of water {200
ml x 83% = 125 ml).
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¢. as levels in water. In the NOAEL group (approximately 2,500).
there iz an exposurs tange of 1 to 17 ug Ag/liter of drinking water {T=enz,
1977). Chien=Jen Chen of the Naticnal Taiwan University of Taipei, Taiwan
{telephone call) thought that meore of the exposed people wers in the low
dosa rance, but had no data. The As Worc Group concluded that an acsurate
scientiFic estimate would be difficult to make on the basis Of the prssent
data. - '

III. fecod Consumption.

A. Total food. EYom Table 1 in the Irgolic (1988) report (z. 3),
Tice and sweet potatoes account for 20% (750 g) of the focc in-
taks by this pesulation. Accordingly, only these two sourcas of
focd will be considered in the food exposure anzlysis. The rela~
tive proportions of rice and sweet potatces would vary with the
economic status of the families. Irgolic {p. 4) states that the
pocrer families would eat more and, sometimes exclusively, sweet
potatoes, while the more prosperous families would eat mora rice.

1. Riee. Chao Chen statad that the endemic study area was verx;
poor and that rice consumption would be below the 376 g
average (Irgolic, 1988). It was estimated by the workgroup
that 200 to 250 g of rice would be consumad/day.

2. Sweet pétatoes. Tt was estimated that this populatic:
would consune 530 g of sweet potatces (Grester than the
360 g average given by Irgolic, 1988.).

IV. Analysis., Variables will first be discussed separately and then com—
bined in the next section to provide differant exposurs scarios.

A. Water,
1. Direet. 3.5 1 (from 2 range of 3 to 4 1).
2. Imdirect. Cooking water.
a. Rieca. 225 g X 207 ml/100 g»= 450 mi.

b. Sweet potatoes. 500 g X 125 ml/100 g = 625 ml.
c. Total indirect. 450 ml 4 625 ml = 1 liter (appr.)

B. m'
1. Rice. 225 g/day (Section III.A.l).

2. Sweet potatoes. 500 g/day {Section I11.A.2).



C. Arsenic levels,

1.

Water. In the 7,500 control population, approximately

5,000 were frem the island of Matsu and they were

exposed to virtually no as directly from thelr drinking
watsr. Thera were approximately 2,500 control subjects in
the endemic arsz who wers exposed to 0.001 to 0.017 mg as/3
(1 to 17 vg/l) in their drinking watar. This 2,500 is the
NOAEL population used in this report.

‘a. P. White thought that it should be limited to mea which

would bring the exposed populaticn telew 2,500, since woman
might raceive lower exposures due to decreased watar and

food consumption. He and Chao Chen also notad that a rale-
tively small fraction of the populaticn actually had life-

time exposurss.

b. H. Gibb thought that an average exposurs value of 9 ug/l
should be the maximum used for the NOALL calculations.

c. C. Abernmathy and W. Marcus felt that 17 vg/1l should be
included in the ealculatiens, since it would give & maximum
exposura seenario for drinking water.

d. Chao Chen said that he believed that very few of the
2,500 would have heen exposed to the 17 wy/1 level and
for that rsason believed that the average value of

9 uy/l or a geametric mean of 4 ug/1 should be used. Tha
committee reached agreement On an exposurs range of 4 to

. 9 ug As/1 of drinking water, believing it to be the best

estimate that could be reached with the availible dakta set.

To demonstrake the potantial scope of As exposurs from ag in the
drinking water will be cslculatad using 1. 4, 9 and 17 ug/1 (Se2 Tables
1, 2 and 3 on p- 12). '

2.

Food.
a. Rice

1}. On p. 5, Irgolic (1988) gives a range of less than
0.07 up to 3.5 ug of As/g of rica (70 to 3,500 ug/kg} for
rice grown in soils not contaminated with As-herbicides.
However, he does not give any specific data on how this
range applies to the rice consumed by the Taiwanese pop—
ulation. Consequently, the workgroup did not use this
range in the calculations.



2). Irgolie (1988) stakes on p. 3 that soils in the
endemic arss contaminated with As-hezbicides are "said®
to conkain approximately 8 mg As/kg of seil, while
uncantaminated soils have "natural® levels of 0.1 to

40 mg As/kg (average of 5 mg As/kg). H2 also cited a
study which reported that hulled rice grown in soil
containing 20 mg As/kg (as sodium arsenata) had As lavels
of 0.11 mg As/Xg of rice. #He caweatad this Eigure by
stating that without knowledge of soil characteristics,
it would be impossible to estimate, with confidence,

how much as would be taken up from the soil. Since

thera were no data availible on types of s0il or on the
forme of As present in the soil, we based odur analysis
on the assumption that all forms of As in all types of
soil would be concentrated by rice at ratzs similar to
the 0,11 mg As/kg of rice in the rice grown in the soil
containing 29 mg As/kg. Therefors, the Work Group adopted
the following estimates: '

a)., Natural soil. 5 mg As/kg is 0.25 of 20 mg As/kg
0.25 X 0.11 mg = 30 ug As/kg rice
{rounded from 28 ug)

b). Contaminated soil. 8 mg As/kg is 0.40 of 20.
0.40 X 0,11 mg = 40 ug As/kg rice
(rounded from 44 ug)

3). Li et al. (1979) re¢portad As levels in thrze types of
vice grown in Taiwan. The highest level found was
greater than 0.760 ppm (760 wg As/kg ricg) with an
averaga range of 0.3 to 0.5 pom. Chao Chen identified
an analysis of rice from the general araa and it had
a range of 0.05 to 0.33 ppm (rounded avarage of 0.2
pem or 200 ug As/kg rice)., These authors believed
that the use of As-herbicides contributed to the
level of As in the rice. Chao Chen felt that since.
the people in the endemic arez wera very poor, they
would not have usad any As-horbicides during the
exposure pericd. In addition, a great deal of the
exposurz occrurred prior to the advent of pesticides.
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The above cited values from natural and contaminated egoil and
from the Li et al. (1979) study will be usad to give a range of
possible exposurs scenariosz,

b. Sweet potatoes.

1). Irgolic (1%88) gave a value of 0.008 to 1.25 ug As/
g sweet potato in Table 1 (p. 5). This value, how-
ever is for “other potatoes grown in untraated =oils"
(p. €), since the only report that he could find
claimed that sweet potatees did not contain any As.
The Work Group found these comments impessible to intar-
pret since As was found in sweet potatoes in the
FDA "market-basket? survey of U. 8. food cited by CPP
(opP, 1987).

©. Type (Inorganic or Orcanic) of As in water and food.

1. Waker., Irgolic (1988) states the As in watsc is pre-
cominantly in the inorganic form (p, 7). Accordingly,
As in drinking water will be assumed to be 100% inor-

genic.

2. Food. There are no data on the forms of As in the diet
of the Taiwaness. The only information that we could
£ind on the percent of inorganic As in food was in the
FDA survey of U, S. food (OPP, 1987). This memo puts the
percent inorganic As in rice and sweet potatoes at 35 and
S$, respectively. '

Unless there are data to show that As levels in
Taiwanege sweet potatoes are high or that there is 2
different percentage of inorganic As in the Taiwanese
sweet potatoes, its contribution to the total baddy burden
of the individual would be low. Ror example, if sweet
potatoes contained 200 ug As/kg, the the inorganic As in the
diet would be 5 ug (200 vg as/ kg X 9.5 kg of swest potatoes
eaten/day = 100 ug As/day x 5% (% of inorganic As) = 5 ug
inorganic as/day. I

E. Galculaticns.

1. Drinking water summary.

a. Dirsct - 3.5 1/day



c. Total - 4.5 l/Gay
d. % inorganic As - 100
e. AS in water - 1) 4p 9 or 17 ug/l

2. Food summary,
a. Rice sumnmary.

1). Using As soil uptake data (20 mg As/kg of soil
yields 0.11 mg As/kg rice).
a). Natural soil. 5 mg As/Kg soil.
0.25 X 0.11 mg As/kg = 30 ug As/kg rice
0.225 kg X 30 ug As/kg = 7 ug As/cGay
7 ug As/day X 0.35 = 2 ug inorgenic As/dav.

b). Contaminated Soil. 8 mg As/kg soil
0.40 X 0.11 mg As/lg = 40 ug A=/kg rice
0,225 kg X 40 ug As/kg = 10 ug As/day
10 ug As/day X 0.35 = 4 ug inercanic As/dav.

2} Using Li et al.(1979) study.
a). Average valuaz of 200 ug As/kg rice
0.225 kg X 200 ug As/kg = 45 ug As/day
AS ug As/day X 0.35 = 16 ug inorganic As/day.

b. Sweet potatoes. Not includad in ealculations since
w2 have no reliable data for calculatien.
¢. The above data are compiled in Takles 1, 2 and 3 on p. 12,

V. Internal Cancer Data,

C. abernathy inquired about the possibility of ORD calculating a
cancer potency estimate for intsrnal cancers and was informed that the
data of Chien-Jen Chen (Taiwan) is not complete and, at this time, can
not be used for calculations. W. Marcus asked for a time estimate for
completion of this task and H. Gitb and Chao Chen said that, even if the
time and money wers alloted, it would not be possible to give an estimate
since the database is not completa.



VI. Southwick et al, (1983) study.

There wara 145 "exposed” participants (cities of dinckley
and Deserat) and 105 control participants {city of Delta) in this
study. The "exposad® populations of Hinckley and Deseret had a
median As exposure level of 5 ug/ky/cay, while.the "eontrol™ groun
from Delta had & median As exposura level of 9.7 ug/kg/day. All par-
ticipants came from Millard County, Utzh and lived a "predeminantly
rormen" lifestyle.

The authors found & close corralation between the amount of
Az ceneuned and the levels of As in urine and hair samples. Althouch
the dermatolcgicsl acncrmalities wera higher in the expossd (8.25%)
than in the controls (2.863), the difference between the two pepula-
ticns was not statistically significant.

With respest to neurclogical findings, the data suggested that
thera wvas a slightly increased proportion of people with slower nerve
conduction among the exposed population. However, not all of the
study perticipants tock part in this gaction of the stuly (Contzols -
67 and Bxposed -~ §3) and the results were ot statistically differant.
Although this study offers suggeskions that as could heve affected
nerve conduction in the *exposed” group, the data are not conelusive.

Basad on the abeve observations, the exposure level of 5 ug/kg/dey
could be considered as a NOAEL or LOAEL, Eowever; due to tne small
pooulation size of the Southwick et al. (1983) study, the uncer-
tainties about the significance of the slightly increased incidenca of.
dermatological abnormalities and of slowing of necrve conduction in
the As exposed group, the fact that scme participants were on the
study for only § years and that very few (less than 20) were exposad
for 60 or more years, it was concluded by the As Work Group that the
Southwick et al. (1983) study should not be used for calculating a RED.

VII. dncertaint'_z Factor (UF).

Thers was a discussion as to what UF should be used with the
Tgeng (1977) study and.OCW and ORD ¢ould not resch agraement on thisg
point, Specifically, ORD fslt that aa UF should be used in calcula-
ting @ RID because: o

1. Most individuals in the Tseng (1977) and Tsang et al (1938)
studies were young and few had As exposures in drinking watsr apgroach-
ing lifetime duration. Therefore, the goserved absence of skin lesions
providas less convincing evidence than would be the case if the entire
population had rscsivad exposurzs of lifetime duration. RAge-specific




" prevalence for hyperkeratosis in the “exposed” of the Tseng studies
indicate that the cbservation of 2,500 "control" individuals (0.001
to 0.017 ppm or 1 to 17 ug As/1 in drinking water) would only be
one-fourth as effective in detecting skin lesions as would be tre
ecase if all the individuals had recieved lifetime duration exposures.
Furthermora, due to the As-associated mortality ( in particular,
blackfcot disease) in the "exposed” Tseng group, the stsepness of the
age/pravalence ralationship for hyperkeratosis may be wnderestimated.
Thus, the above considerations may still overstate the effectiveness of
the Tseng study in establishing a NOA=L;

2. The Cebrian et al. (1983) study reported that 7 of 318 "con-
trols” (exposad to 5 ug of As/1 of drinking water) had dermatological
signs of as exposwre. This introduces uncertainty into the Tseng
(1977) derived NOAEL of 4 to 9 ug As/1 of drinking water as seslected
by the Work Group; ,

3., As noted in § 2, the reported findings of adverse effects in
the Cebrian et al. {1983) "control” are not concordant with tha absence
of effects in the Tseng "control" group, This may indicate that the
expostre values developed for the Tseng (1877) study are too high., If
this ig the case, the calculated NOAEL is also an overestimate;

4. Little information exists on the prevalence or incidence of
hyperkeratosis in the United States. The fact that a stbstantial sub-
group of the American population may ba exposed to drinking water As
levels above 50 ug/l does not in itelf provide any reassurance that
As~indueed lesions are not occurring. Lesicns which do occur may not
be called to the attenticn of a physician. Furthermore, reporting
of such lesions in the medical literature would likely be sporadic:

5, Comparisons between the UF appropriate for a RED derived
from the Tseng (1977) study with UFs used in previous RED calculaticns
may be of limited use because;

(a) the reported data from the Tseng studies were not
gufficient to construct a dose-response relationship for hyperkera-
tosis. When data on a compound indicate that a steep dose-response
is observed, one may have greater confidence that a study NOAEL is
indeed a "safe” level of exposurs, and _

(b) much of the uncertainty in establishing a NOAEL using
the Tseng (1977) study is due to uncertainty in exposure levels.
Exposure levels will generally be better known in small experimen—
tally-oriented studies with huran subjects.

ODW felt that an UF of 1 should be usad because:

1. The Work Group used hyperkeratosis, which may not be an
adverse effect, as a toxicological ercipoint;

2. The Tseng (1977) population is of sufficient siza to use
an UF of 1. In this regard, it is of intsrest to note that other
RED studies in husans, with cholinesterase inhibition as an endpoint



and validated by the Agency's RfD Work Group, having exposure groups
of 5 to 10 humans/dose use an UF of 10;

3. Other studies, with smaller populations and higher doses than
than the Tseng (1977) study, conducted in the U. 5. and Canada, such
as Barrington et al (1978) in Alaska, Hindmarsh et al (1977) in Canada,
Goldsmith et al (1972) in CGalifornia, Morton et al (1977) in Oregon,
vig et al. (1984) in Nevads and Southwick et al. (1983) in Otan -
indicate that exposurs to eoncentrations of As up to 50 ug/l in the
drinking water does not produce hyperkerztosis and/or other forms of
AsS tOXLCitY'

4. Th2 exposure of 100,000 people in the U. S. to as levels of
50 ug/1 or higher (U. S. EPA, 1987) is compatinle te the above studies
cited in ¢ 2:

5. The report of 7 of 318 “controls” in the Cebrian et al (1983)
stuwdy having dermatological signs (hypo— arnd hyperpigmentation) of
As exposure is impossible to mte:pret as an indication of adverse
effects caused by As since there is no reported "control background
level" for these signs in the general Mexican population and hypo-
and hyperpigmentation are cosmatic effects; and

6. The Tseng (1977) population is a sensitive subpopulatmn
of humans. The reasons for such a conclusion are justified by the
following facts. Inorganic As is detoxified by methylaticn
in humans prior to urinary excretion (Hindmarsh and McCurdy, 1936;
Marcus and Rispin, 1988) ard animale fod diets deficient in nutrients
such as methionine, cheline, folic acid and/or vitamin Bjs have lower
~ methylation rates due to desreased levels of S—adenosylmethionine, a
- necessary cofactor in transmethylation reactions (Shivapukar and
Poirier, 1983). The Taiwanese population coneumed inadequate amounts
of protein (Irgolic, 19838) and would therefore be not expected to
ﬁuairlate As at the sam> rates as do humans with an adequate protein

take.

The enzymatic detoxification data suggest that there could be a
"practical”™ threshold for As. This viewpoint is in accord wn;h the
preliminary Science Advisory Beard report.

3

VII. Summary.

- The -As workgroup has concluded that:
1. The Tseng report (1977) is the best available study to us2
for calculating a RfD,

- 2. The range of 4 to 9 ug As/lzter of drinking water represents
the best estimate of As concentrations in the drinking water in most of
the 2,500 contral group,

3. This 2,500 population is the appropriate group to use as
the NOAET, group,
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4. Based on the availible data, the rice and sweet potatoes
would not make a major contribution to the overall daily As load.
Accordingly, the workgroup believes that the RED should be in
the range of 0.4 to 0.8 ug/kg/day if an uncertainty factor is not
used (See Table 3), and - _

5. No agreement on an UF could be reached by the members of the

As work Group.

In the Introduction, the As Work Group noted sevaral araas in
which more information and/or research wera nseded to remove the
uncertainties mentioned in this report. Specifically, we see the
need for detailed information on: the amounts of water ingested
per day, an exposure dietribution anzlysis of the study group to 2s,
actual rice and sweet potato consumption, levels of incrganic/erganic
As in the rice and sweet potatoes with respect ty s in the soil and
whether psssible contamination by As-containing pesticides could have
Occul'.'rEd. :



Teble 1. Various Inorganic Arsenic Exposure Levels from Different

Sources.
Drinking Water Rice grown in .
4.5 1l/day at Natural As Li et al.
Tug/T 4 ua/T 9 w/l 17 uajl Soil  scil study (79)
ug As/day - 8 13 41 77 2 4 16
froem Source

.

Table 2. Various Da2ily Inorganic Arsenic Exposure Scenarios for Calculation

of a NOAETL..
Arsenic from Drinking Water
- i (ug/day) .
As from Rice S .18 41 77
{ug/day) '

2 7 C 20 43 79

4 9 24 45 31

16 21 j 34 s7 83

Table 3, RfD galculations from various Exposures using me/ Uncertainty Factor

Total As from Water and Food  (ug/day)
7 g |20 21 26 34 43 {45 57 79 8l 93

RED {ug/kg/day) 0.1 0.2 [0.4 0.4 0.4 0.6 0.8f 0.8 1.0 1.4 1.5 1.7

———— ——

(Total divided
by 35 kg)
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